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ABSTRACT
African wild dogs (Lycaon pictus) are endangered carnivores whose population is
decreasing from habitat loss and fragmentation, interspecific competition, and disease. Survival
rates are especially low in Kruger National Park (KNP), though it is unclear why. I estimated the
abundance in KNP and survival rates over different time spans, six years and nine months, using
public photographic survey data. In 2015, there were 298 (SE=12.1) individuals. Using a markrecapture analysis in program R, I found that the survival rate between 2009-2015 was only
3.2%, and within the 9-month survey period (September 2014 – June 2015), monthly survival
rates for the wild dogs varied by region of the park, with apparent survival (φ) at 0.807 (0.6950.885 95%CI), 0.989 (0.852-0.999), and 0.975 (0.946-0.989) for dogs in the northern, central,
and southern region of the park, respectively. I estimated mean lifespan to be .39 years, 7.2
years, and 3.3 years for the northern, central, and southern regions, respectively, and 1.41 years
for all dogs combined. Recapture probability for the dogs varied by region and month, ranging
between 0.07 and 0.828, highest in the south, followed by the north, then the central region, with
an overall monthly recapture probability average in the park of 0.483 (SE=0.0148). Because
disease is becoming an increasing threat to wild dogs and other wild canids, I also conducted
review of the disease prevalence and vaccination strategy and efficacy in African wild dogs and
Ethiopian wolves, focused on canine distemper and rabies. I found that vaccination with
modified-live or recombinant vaccines, including annual boosters will be a key strategy in
disease management going forwards. Vaccination of domestic dogs near wolf and wild dog
populations, vaccination of wolves and wild dogs themselves, and a combination of the two, all
appear to be viable management strategies in different scenarios. A greater understanding of
population dynamics and disease dynamics from this study, in addition to more intensive

population and disease monitoring in the future, will help provide necessary information to guide
successful management strategies of these two critically endangered species, and specifically
wild dogs in Kruger National Park.
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INTRODUCTION
African wild dogs (Lycaon pictus) are large, social carnivores found in small, scattered
populations throughout Africa. They are cooperative hunters and breeders, and almost all
reproduction results from an alpha female. They live in highly cohesive packs that range from 228 adults, with a mean pack size between 5 – 9 adults (Creel 2002). Wild dogs are cursorial
hunters that eat a variety of prey, focusing on ungulates ranging from 15-200kg (Creel and Creel
1995). High variation exists in home range sizes, but densities are lower than expected compared
to other carnivores (Mills 1997a, Creel 2002, Creel, et al. 2004). Pomilia, et al. (2015) found the
home range size for a pack in Kruger National Park (KNP), South Africa ranged from 150-1,110
km2, with an average of 555 km.2 Wild dogs’ large space requirements result in small population
sizes (Durant 1998, Creel 2001), even in large protected areas such as KNP (Woodroffe and
Ginsberg 1998). This leads to the potential for rapid population decline under unfavorable
conditions.
Disease, habitat fragmentation by humans, and interspecific competition are causing
population decline for wild dogs throughout Africa (Palomares and Caro 1999, Creel and Creel
1996). They have been extirpated from many parts of Africa (Lindsey, et al. 2004, MacDonald
and Sillero-Zubiri 2004) and have seen recent declines in KNP (Marnewick, et al. 2014), the one
viable population remaining in South Africa (Fanshawe, et al.1997, Lindsey, et al. 2004). The
extinction risk from stochastic demographic and environmental effects is higher in smaller
populations (Lande 1993), and detecting risk and trends is extra challenging statistically
(Ginsberg, et al 1995). Because of the continually decreasing population, extreme habitat
fragmentation, and the extinction risk associated with small, isolated populations, the IUCN lists
wild dogs as endangered.
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Historically, conservation efforts for wild dogs have focused on monitoring rather than
active management, but as wild dog numbers continue to decline, questions have been raised
regarding the policies of hands-off monitoring. The Endangered Wildlife Trust (EWT) and
managers of KNP are working to discover more about the survival of wild dogs in the park,
including factors causing population decline. They are considering whether they should take
specific actions, such as vaccination or relocation, to help mitigate negative impacts on wild dogs
and increase the population. My study provides insight into numbers and survival patterns of
wild dogs in KNP that will help managers know if this is a viable option.
I estimated survival rates of African wild dogs both between a 2009 and 2015 public
photographic survey periods, and within the 9-month survey period ending in 2015. I analyzed
the photographic data to determine the population count of dogs in 2015, and I estimated average
survival rates in the park to provide a broader understanding of the wild dog population,
including an up-to-date estimate of life expectancy for wild dogs in KNP. This will give
managers a better idea of the population’s health and threats for the future.
Ethiopian wolves (Canis simensis) are another highly endangered, social canid of Africa.
The wolf is recognized as the most threatened African carnivore, and the rarest canid on the
globe, with fewer than 500 individuals, in 7 small, isolated populations, remaining. (SilleroZubiri, et al. 2004). Stochastic events, (e.g. disease), can have large effects on small, widely
spread populations, such as those found in wolves and wild dogs. Infectious disease, while a
natural part of many ecosystems (Cleaveland 2009), has become a serious threat to endangered
species. Because there is a close phylogenetic relationship between wild and domestic
carnivores, and carnivores have a high susceptibility to domestic pathogens, domestic animals
often serve as “reservoir” hosts for disease for wild canids (Cleaveland et al. 2002, Woodroffe
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and Donnelly 2011, Woodroffe, et al 2004, Cleaveland 2009). The social nature of wolves and
wild dogs makes them even more susceptible to directly transmitted disease, such as canine
distemper virus (CDV) and rabies (Mills 1993). For endangered canids, disease, particularly
rabies and CDV have caused species decline (e.g. Ethiopian wolf Canis simensis) (Gordon, et al.
2015, Randall, et al. 2006, Sillero-Zubiri et al.1996) and even local extinction (e.g. African wild
dog Lycaon pictus, Alexander, et al.1996, Gascoyne, et al. 1993, Tswalu Kalahari 2016). As
protected space decreases and habitat fragmentation continues, endangered canids become
increasingly prone to encounters with domestic dogs, especially near the edge of reserves (Breed,
et al. 2009 and Sillero-Zubiri, et al. 2004). Contact with domestics greatly increases their chances
to contract rabies or CDV, hindering conservation efforts for these two highly endangered
carnivores.
Vaccination strategies in protected populations are becoming increasingly common in
both wolves and wild dogs, as managers seek ways to protect these endangered canids from
disease. For managers to make decisions that effectively manage disease in these critically
endangered species, they must understand the context and history of CDV and rabies in wolves
and wild dogs. I examined the research conducted on both diseases in both species, including
outbreaks, antibody levels, and previous mitigation strategies. I sought to answer questions
regarding disease prevalence and effectiveness of different mitigation techniques.
The purpose of these studies was to learn more about the survival of African wild dogs in
Kruger National Park to help inform managers of population dynamics, analyze the effects of
disease and disease management on African wild dogs and other African canids, and guide future
management strategies.
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CHAPTER 1- ESTIMATING ABUNDANCE AND SURVIVAL RATES OF AFRICAN WILD
DOGS FROM PUBLIC PHOTOGRAPHIC CENSUS DATA IN KRUGER NATIONAL PARK,
SOUTH AFRICA
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ABSTRACT
African wild dogs (Lycaon pictus) (AWD) are endangered carnivores whose populations
are decreasing from habitat loss and fragmentation, as well as interspecific competition with
sympatric carnivores. Survival rates are especially low in Kruger National Park (KNP), though it
is unclear why. I estimated survival rates in KNP over two different time spans that my data
allowed, 6 years and 9 months, and recapture probability using photographic survey data and the
program RMark. I found that the survival rate over six years (2009-2015) was 3.2%. Within the
9-month survey period (September 2014 – June 2015), monthly survival rates for the wild dogs
varied by region of the park, with apparent survival (φ) at 0.807 (0.695-0.885 95%CI), 0.989
(0.852-0.999), and 0.975 (0.946-0.989) for dogs in the northern, central, and southern region of
the park, respectively. The survival rate over the entire 9-month survey was estimated at 14.6%,
90.1%, and 79.8% for dogs in the northern, central, and southern regions, respectively.
Extrapolating that to an annual survival rate, I estimated mean lifespan to be .39 years, 7.2 years,
and 3.3 years for the northern, central, and southern regions, respectively, and 1.41 years for all
regions combined. Recapture probability for the dogs varied by region and month, ranging
between 0.07 and 0.828, with an overall monthly recapture probability average in the park of
0.483 (SE=0.0148). I also estimated abundance of African wild dogs in KNP in 2015, which I
found to be 298 (SE=12.1) individuals. My population estimate showed an increase in wild dogs
in KNP over the last 5 years, but my survival and life span estimates were lower than previously
reported for the park. The population increase could be inflated from using a new estimation
technique; I used the program SPECRICH to estimate abundance instead of POPAN in MARK
to estimate number of packs and extrapolate abundance from there. Most likely, however, based
on the size of the increase, the results are not artificial. The differences in survival rates by
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region of the park can most likely be explained by difference in competitor density, but more
work needs to be done to determine the factors influencing survival in each region. The
especially low lifespan estimate in the northern region of the park could be the result of a lack of
data, but needs to be examined further. Managers in KNP, and other protected areas, should be
able to use these survival, lifespan, and detection estimates to better study and manage wild dogs.
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INTRODUCTION
African wild dogs (Lycaon pictus) are large, social carnivores found throughout Africa.
They are cooperative hunters and breeders, and almost all reproduction results from an alpha
female. They live in highly cohesive packs that range from 2-28 adults, with a mean pack size
between 5 – 9 adults (Creel 2002). Some packs in Kruger National Park (KNP), South Africa
include over 30 dogs (personal observation). Wild dogs are cursorial hunters that eat a variety of
prey, focusing on ungulates ranging from 15-200kg, including warthog (Phacochoerus
africanus), impala (Aepyceros melampus), gazelle (Eudorcas thomsonii), wildebeest
(Connochaetes taurinus), zebra (Equus burchelli), and kudu (Tragelaphus strepsiceros) (Creel
and Creel 1995). High variation exists in home range sizes, but densities are low compared to
other carnivores (Mills 1997a, Creel 2002, Creel, et al. 2004). A pack may hunt a range as large
as 2,000 km2, and even in Kruger National Park, where prey is less mobile, Pomilia, et al. (2015)
found the home range size for a pack ranged from 150-1,110 km2, with an average of 555 km2.
Wild dogs’ large space requirements result in small population sizes (Durant 1998, Creel 2001),
even in large protected areas such as KNP (Woodroffe and Ginsberg 1998), a nearly 2 million ha
reserve. This leads to the potential for rapid population decline under unfavorable conditions.
Wild dog numbers declined by 70% in the 20th century due to culling practices by park
managers. Managers believed wild dogs’ cursorial hunting style to be savage and disruptive to
ungulate populations, so dogs were hunted and killed (Childes 1988). Systematic culling ended
in the 1970s (Rasmussen 1999), but now disease, habitat fragmentation by humans, and
interspecific competition are causing population decline throughout Africa (Palomares and Caro
1999, Creel and Creel 2002). Wild dogs are limited by interspecific competition with more
dominant carnivores, specifically lions (Panthera leo) and spotted hyenas (Crocuta crocuta)
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(Creel and Creel 1996, Durant 1998, Palomares and Caro 1999, Darnell, et al. 2014). Because
wild dogs are now mostly limited to fenced reserves, the competition has gotten stronger. The
have now been extirpated from many parts of Africa (Lindsey, et al. 2004, MacDonald and
Sillero-Zubiri 2004) and have seen recent declines in KNP (Marnewick, et al. 2014), the one
viable population remaining in South Africa (Fanshawe, et al.1997, Lindsey, et al. 2004). Global
population numbers have dropped below 5,000, of which only around 1,400 are adults (Mills
1997a, Woodroffe and Sillero-Zubiri 2012) and the 2010 wild dog population estimate in KNP
was 151 (Marnewick, et al. 2014). Outside of a few major reserves in Africa, including KNP,
Selous Game Reserve in Tanzania, and Chobe National Park and Moremi Game Reserve in
Botswana, the dogs currently exist in small, isolated populations, which greatly increases
conservation challenges (Marnewick, et al. 2014). The extinction risk from stochastic
demographic and environmental effects is higher in smaller populations (Lande 1993), and
detecting risk and trends is extra-challenging statistically (Ginsberg, et al 1995). Because of the
continually decreasing population, extreme habitat fragmentation, and the extinction risk
associated with small, isolated populations, the IUCN lists wild dogs as endangered.
Historically, conservation efforts for wild dogs have focused on monitoring rather than
active management, but as wild dog numbers continue to decline, more questions have
developed regarding the policies of hands-off monitoring. The Endangered Wildlife Trust
(EWT) and managers of KNP are working to discover more about the survivability of wild dogs
in the park, including factors causing the decline. They are considering whether they should
continue simply monitoring the KNP wild dog population or take specific actions, such as
vaccination or relocation, to help mitigate negative impacts on wild dogs and increase the
population size. A metapopulation of wild dogs has been established through reintroduction into
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smaller protected areas in South Africa (Davies-Mostert, et al. 2015), and managers have
considered incorporating KNP into that system. My study provides insight into population sizes
and survival patterns of wild dogs in KNP that will help managers determine if this is a viable
option.
My first priority was to estimate survival rates of African wild dogs residing in KNP.
Survival rates are lower in KNP than other areas of Africa (Mills 1997a, b, Creel 2002) for
reasons that are not well known, though competition from high carnivore density has been
suggested (Mills and Gorman 1997). To monitor the KNP wild dog population, EWT in South
Africa has conducted a 9 to 12-month public photographic survey of wild dogs every 5-6 years
over the past three decades (Endangered Wildlife Trust 2014). During this census, the EWT
advertises a campaign calling for photos from tourists anytime they encounter wild dogs in KNP.
They ask for photographs of as many dogs as possible, with metadata such as location, time of
day seen, number of dogs seen, sex of dogs if possible. They offer prizes in different photograph
categories to help incentivize submission. Wild dog coat patterns are individually unique, which
allows photographs to be used for population estimations (Creel 2002). Photographic surveys
have taken place in 1988/9 (June 1988–June 1989) (Maddock and Mills 1994), 1994/5 (June
1994–June 1995) (Wilkinson 1995), 1999/2000 (May 1999–June 2000) (Davies 2000), 2004/5
(October 2004–April 2005) (Kemp and Mills 2005), and 2008/09 (July 2008–April 2009)
(Marnewick, et al. 2014), and most recently in 2014/15 (September 2014 – June 2015).
My study sought to build on the research of EWT by estimating survival rates of African
wild dogs both between the 2009 and 2015 survey periods and within the 9-month survey period
ending in 2015. I analyzed the photographic survey data to determine the population size of
dogs in 2015, as was done in past surveys, but I also sought to determine average survival rates
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in the park to provide more understanding of the wild dog population, including an up-to-date
estimate of life expectancy for wild dogs in KNP. A current estimation of the total wild dog
population in KNP, along with recent survival rates, will give managers a better idea of the
population’s current health and help them understand how the population may change in the
future. I also wanted to determine if the current methodology for surveys, especially timing, was
the best way to estimate survival and population size; and if not, I sought to suggest
improvements for future studies.
Previous studies have shown the average lifespan (length of existence) for African wild
dogs is 6 - 10 years, depending on the region of Africa in which they live (Creel 2002), but in
KNP, most dogs do not survive past 7 years of age (Mills 1997a). Based on these findings, I
hypothesized that the 5-year survival rate would be very low (<15%). Most dogs identified in the
2008/2009 survey were already adults, and therefore I assumed most would not be alive in
2014/2015. However, I hypothesized that within the most recent 9-month survey period, from
September 2014 to June 2015, the survival rate would be much higher, with at least 50%
surviving the entire survey period.
METHODS
Study Site
I conducted my study in KNP, a partially fenced reserve in the northeast portion of South
Africa bordering Mozambique and a few neighboring private reserves (Figure 1). KNP covers
1.9 million ha and is known for its heterogeneity – it straddles two climatic zones, the temperate
south, and sub-tropic and tropical north (Mabunda et al. 2003). There are 35 recognized
landscapes, but savanna dominates most of the park (Gertenbach 1983, Mabunda et al. 2003).
Managers in KNP work to actively maintain natural heterogeneity in the system, both spatially
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and temporally (Rogers 2003). For part of this analysis, I examined three distinct regions in the
park: the northern (north of the Olifants River), central (between the Sabie and Olifants River),
and the southern region (south of the Sabie River) (Figure 2). The regions differ in density of
roads and tourist camps, and therefore tourist volumes, which can lead to variation in sampling
effort and detection probability, especially when using public sightings data (Marnewick, et al.
2014). The regions also differ in terms of prey biomass, which has been found to be positively
correlated with lion densities in the park (Ferreira and Funston 2010), but Mills and Gorman
(1997) found that wild dog density in KNP was not influenced by prey dispersal.
Sampling Methods
In 1988, EWT developed a public photographic survey, lasting 9-12 months, to better
monitor the wild dog population in KNP (Maddock and Mills 1988). Photographic surveys have
since occurred in the park every 5 or 6 years (Marnewick 2014). During the coordinated survey
periods, EWT encouraged park visitors to send in photos when they encountered wild dogs by
offering prizes for the best photographs submitted. Along with photographs, EWT asked tourists
to submit the date and location of the sighting, total number of dogs seen, and age and sex of
dogs seen, if known. These surveys were promoted to park visitors and staff using methods
described by Marnewick et al. (2014), including posting advertisements for the survey around
every rest camp and sightings boards in the park.
The two most recent surveys were completed from July 1, 2008 to April 30, 2009 and
from September 21, 2014 to June 21, 2015. EWT chose this particular time of year for surveys
because wild dogs breed at mid-year, and post-breeding is a good time to estimate their
population size (Marnewick 2014). In each of the past two surveys, one observer (Grant
Beverley of EWT) visually analyzed the submitted photos to determine how many individual
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dogs were seen over each 9-month period. The wild dogs were identified by Beverley by their
coat patterns, which are unique to each dog, and each sighting location was georeferenced based
on the location description given in the submission. Packs were easily distinguishable, and each
pack was given a number and a name, usually based on locations in the park. Each dog was
assigned to a pack, based on which pack it was seen with the most (it was not common for dogs
to change packs).
Sampling distribution was limited in these surveys because members of the public are not
allowed to travel off the designated roads in KNP, and therefore almost all the sightings came
from locations along roadways (Figure 3). Park staff and researchers submitted photos as well,
which accounts for the sightings not along the road. Uneven sampling also occurred between
regions of the park, due to differences in number of visitors in each region (Marnewick 2014). I
took this into account when building my population estimation models (see below).
Data Analysis
First, I worked to determine a population estimate for wild dogs alive during the 2014-15
survey period. For the 2008-2009 survey period, Marnewick, et al. (2014) estimated the
population to be 151 dogs. They used a POPAN model in program MARK (White 1999) to
estimate number of packs in the park, and multiplied that by the average pack size in KNP.
However, this underestimated their population count, as they recorded sightings of 156 dogs, and
there is a high probability they did not see every dog in the park. Pack size can vary greatly, and
did not appear to give the most accurate estimation. Therefore, rather than calculate number of
packs and an average pack size to get an abundance number for the dogs, I calculated an estimate
of total number of dogs in KNP using a program that was originally made to calculate species
richness in an area, SPECRICH (Hines 1996). This program uses methods described by
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Burnham and Overton (1979), using the total number of species seen, and the number of species
seen once, twice, 3x, 4x and then 5 or more times, to estimate the total number of species. While
it was built to calculate species richness, I was able to use it in a similar manner to estimate dog
abundance. I simply considered each dog its own species, and the program found an estimate of
total dogs present during the survey.
To determine the survival rate between the 2008-09 and 2014-15 surveys, I visually
compared the photographs of each dog in the 2008-09 survey to each dog in the 2014-15 survey.
I attempted to find a program that would analyze and compare the photos for me, but none have
been created that look at the entire individual rather than a certain spot on the body (e.g. a sea
turtle’s nose). I calculated the percentage of dogs seen in the first survey that were seen again in
the second survey period as my survival rate, under the assumption that if a dog were still alive it
would have been seen. To estimate the survival rate during the 2014-15 survey, I used open
Cormack-Jolly-Seber (CJS), full-likelihood models using the package “RMark” (Laake 2013) in
program R (version 3.2.3)(R Core Team 2013), which gave me estimates of apparent survival
rate (f) and recapture probabilities (p).
I divided the survey into 10 monthly encounter periods, beginning with September 2014
and ending in June 2015. If a dog was seen at any point during that month of the survey, it was
considered “captured.” I created mark-recapture encounter histories for each dog (n=233) for the
10 encounter periods. I also gave each dog its own group identifiers of sex, pack number, pack
size, and park region. Pack size was assigned as small (£ 5 dogs), medium (>5 and <15 dogs),
and large (³15 dogs), based on the number of dogs in the pack, and park region was decided
based on where in the park the pack was most often encountered.
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To ensure an accurate estimate of detection probability, I attempted to incorporate effort
into my models, by considering the differentiation of sighting effort between time periods, or
months. I chose to use the number of sightings divided by the number visitors in the park
(Kruger National Park, pers. comm.) for each month as my measurement of effort, making three
key assumptions: (1) all visitors are actively looking for wild dogs, (2) all visitors have an equal
opportunity to see wild dogs, and (3) all visitors who saw wild dogs reported the sighting, or at
least the percentage of those who did report sightings did not change over time. However, when I
assigned each sampling occasion an effort coefficient as a covariate, it became too much data for
the model and the models did not converge. I decided to drop the effort covariate for the formal
modeling but keep it in mind for my interpreting the results.
After dropping the effort coefficient, I created CJS models in RMark using 3 covariates
for apparent survival (φ) and recapture probability (p): time (month), pack size, park region. I
evaluated 18 models (Table 1) in total: (1)p and φ constant, (2-16) each possible combination of
p and φ varying by the 3 covariates and constant, and finally (17) p varying by time + region and
φ varying by time and (18) p varying by time + region and φ varying by region. I did not test a
model where p or f varied with sex because behavior between males and females in packs does
not differ enough to warrant different capture or survival probabilities (Marneweck 2014).
Akaike Information Criterion (AIC; Akaike 1974) was used to select the most plausible model
given the data (Burnam and Anderson 2002). I ranked the models according to AIC values
adjusted for small sample sizes (AICc, Burnham and Anderson 2002) and used AICc weights to
determine the strength of evidence for each of the models. Models with a higher weight (and
lower AICc value) were better at explaining the variation in the data. Using my top model, I
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estimated survival and detection probabilities for all packs at all occasions, and then simplified
the data and compared survival and detection among regions.
Finally, I extrapolated the apparent monthly survival rates through my survey to obtain an
estimate of annual survival (S). I first found the 9-month survival rates for each region by
multiplying the 9 monthly survival rates over the survey period. To get to annual survival (S) for
each pack, I took the 9-month rate to the power of 1.33, assuming the 9-month rate gave a good
estimate for the rest of the year. I then used the annual rate to estimate the mean life span (MLS)
for each region separately and for dogs in the park as a whole using the equation MLS=1/-ln(S). I
calculated a 95% confidence interval (CI) for the entire park MLS by finding the 95% CI for
monthly survival, calculating a minimum and maximum annual survival rate and using the
minimum and maximum S to get to minimum and maximum MLS.
RESULTS
Individuals Captured and Abundance
During the 9-month survey in 2014-2015, a total of 677 wild dog sightings were reported
to EWT. A total of 233 individual wild dogs were seen: 109 (46.7%) male, 115(49.3%) female,
and 9 (3.9%) unidentifiable. The dogs were seen in 22 different packs, and pack size varied
greatly, ranging from 2 (usually a dispersal group) to 31 individuals with a mean pack size of
10.5 (SE=1.48). There were 8 packs in the south, 8 packs in the central region, and 5 packs in
the north. One small pack of 2 female dogs, pack 19, was seen in all 3 regions of the park, most
likely because it was a dispersal group and searching to find another pack to join. The mean pack
size in the central and southern sections were larger (12.3 and 11.6) than the north (7.6), but the
difference was not significant (ANOVA, F=0.721, p=0.50). Using the program SPECRICH, I
estimated the population to be 298 dogs (SE=12.1). Only 33% (n=77) of the dogs were seen in at
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least half the survey months (5 or more), and some dogs went 4 months between sightings,
proving the difficulty of detection in this species, at least while using public photographic
surveys.

6-year Survival Rates
In the 2008-09 photographic survey, the public submitted pictures of 156 individual dogs.
Another 165 dogs were seen by tourists and wildlife managers in the year that followed, bringing
the total to 321 dogs to look for in the 2014-2015 survey. I compared all 233 of the dogs from
the 2014-2015 survey to all 321 dogs in 2008-2010 study period and found that only 17 had
survived over the 6 years, and only 5 of those were from the 2008-09 survey. The survival rate
over the 6 years was 3.2%, and over the 5 years from 2010-2015 was 7.2%. Effectively, no dogs
are surviving over a 6-year period in KNP.
2014-2015 Recapture Probability
CJS analysis of the census data favored a model where individual recapture probability
(p) varied by time and region and apparent survival (φ) varied by park region (Table 2). The top
model, φ(~region)p(region + time), had a AICc weight of 0.934, and the DAICc between it and
the next highest model was greater than 5, so I chose to estimate the parameters using only the
top model rather than model average. Individual recapture probabilities were estimated for each
month in each region (Figure 4) and for the park as a whole (Figure 5). Each of the three regions
followed a similar trend over time, starting low, increasing until December, then decreasing until
the end of the survey, with a spike in recapture probability in April. December had the highest
recapture probability for dogs in all regions, with the total park average at 0.698 (SE=0.025), and
June, the last month of the survey, was the lowest, averaging 0.145 (SE=0.015). Dogs in the
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southern region had the highest recapture probability each month, ranging from 0.227 in June to
0.839 in December, followed by the northern region, 0.144 to 0.735, and the central had the
lowest, 0.072 to 0.563.

2014-2015 Monthly Apparent Survival Rates
Model selection favored the CJS model where apparent survival varied by region (Table
2). The model yielded an estimate of apparent survival between survey periods (months) for dogs
in each region (constant over each month), and I used a weighted average based on number of
packs per region to determine an estimate for the entire park (Figure 6). Dogs in the central
region of the park had the highest monthly apparent survival rate, at 98.9% with a 95%
confidence interval of 85.2% to 99.9%, followed by the south at 97.5%, with a 95% CI of 94.6%
to 98.9%, then the north at 81%, with a 95% CI of 69.5% to 88.5%. The average survival rate for
all dogs in the park was a 94.2% (95% CI: 91.0% to 97.5%) from month to month.
2014-2015 9-month Apparent Survival Rates
Nine-month survival rate was 14.6% for the north, 90.1% for the central region, and
79.8% for the south. Using the average monthly survival rate across the park of 94.2%
(SE=1.57%), I estimated the 9-month survival rate of dogs of all regions combined to be 58.7%.
Using the standard error to set a minimum and maximum monthly rate gave a total park 9-month
survival rate 95% CI of 42.7% to 79.7% (Table 3).
Mean Life Span
I used the 9-month survival rates to calculate an annual survival rate for each region. The
central region again had the highest apparent survival. The annual survival rates were 7.71%
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(95%CI 1.3% to 23.1%) for the north, 87.1% (14.7% to 99.1%) for the central region, and 74.1%
(51.3% to 87.4%) for the south. The total park annual survival rate was 49.2%, with a 95% CI of
32.2% to 73.9% (Table 3).
Using the average annual survival rate for dogs in each region I estimated the mean life
span (MLS) and found the life span to vary greatly between the regions. The MLS for dogs in
northern packs was .39 years, or 3 months, for dogs in central packs it was 7.24 years, and for
dogs in southern packs it was 3.33 years (Figure 7). Using the dogs’ annual survival over the
whole park I found the estimate for MLS for wild dogs in KNP to be 1.41 years, with a 95% (CI)
of 0.88 and 3.31 years (Table 3).
Because so few dogs were seen in the north, the northern region survival rates are most
likely under estimated. If dogs were truly only surviving three months, no population would
persist in the north. Considering this, I also estimated the annual survival for dogs in the park
without the two northern packs that were seen with only two or three dogs, as those were most
likely dispersal groups and have a much smaller chance of survival. This left only three northern
packs included in my weighted average for annual survival for the whole park. With this change,
I estimated annual survival of dogs for the whole park to be 58.4% and the resulting MLS to be
1.85 years, with a 95% confidence interval of 39.7% to 84.6% and 1.08 years to 6 years.
DISCUSSION
The 2014-2015 survey was more successful in gathering data than the 2008-2009, with
almost double the number of survey entries. This is probably due to several factors, including
better advertising of the survey, the rising use of social media, and the ubiquity of smart phones
with cameras. As the surveys continue to gain more traction with tourists, the data will hopefully
continue to become more robust. A total of 233 dogs were seen in the 2014-15 survey, compared
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to only 156 in the 2008-09 survey. This could be because the population size is increasing, but it
could also be because the number of entries increased.
The population estimate from the 2014-15 survey was 298, which was almost double the
estimate in 2008-09. It is difficult to consider this a meaningful comparison, however, because
the method of finding the park population size differed between the two surveys. If using the
average pack size and number of packs in the 2014-15 survey, the population estimate is 231 (22
packs x 10.5 dogs/pack). Comparing that to the 151population size estimate in 2008-09, the
number of dogs has increased in the last six years, but it would also be beneficial to go back and
estimate the population size in 2008-09 using SPECRICH to get a more accurate estimate at that
point, then compare it to the current estimate. Either way, however, it appears that the population
of wild dogs in Kruger National Park has increased from 2008 to 2015. Population growth is
important to see and sends a positive message to current managers that the dogs’ status is
improving in Kruger. Looking at the low survival between surveys, however, it is obvious that a
lot can change in the population over six years, and surveying the population more often would
be extremely beneficial.
The survival rate of wild dogs in KNP over a 5-year period was almost zero, suggesting
the mean lifespan for the majority of dogs in the park is under 5 years. The estimated MLS of
1.41 years from the 2014-15 survey confirmed that many dogs are not making it to 2 years, much
less 5 years. This lifespan is lower than most previous research has suggested. Mills (1997a)
estimated mean lifespan for dogs in KNP to be around 4 years. However, one study found that
the dogs’ mean lifespan differed across Africa, and while MLS was estimated at 4.5 years in
KNP, they found only 16% of dogs survive to age 2 (Creel, et al. 2004). These results support
my findings of a mean lifespan of only 1.41 years in KNP. Because I had to extrapolate from the
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estimated 9-month apparent survival rate to get to an annual survival rate, my estimate could be
lower than the actual MLS, but that is impossible to know with current survey methods.
Monitoring the population over a shorter time interval, such as every 2 years, should help
managers see if dogs are surviving that long, and get a more accurate estimate of lifespan. The
differences in MLS between the regions was large, due to differences in monthly survival
probability that became greater as I multiplied them out to a yearly rate.
The survival rate over the 9-month survey period was much higher than the 5 year, but
varied among the three regions. This could be due to differences in vegetation structure,
competitor density, or prey density, though the latter has not been true in Kruger previously. It
could also be caused by a difference in available data, due to wild dog density and tourist
density. The lower density of tourists and roads in the northern region of the park is likely
contributing to the lower number of sightings of dogs in the region. The recapture probability for
the dogs in the northern packs was higher than in the central packs, which suggests that at least
some dogs that exist in the north are being seen repeatedly. It is possible, however, that a lower
density of roads in the north limits access points for spotting dogs, causing the same packs to be
repeatedly encountered, while others go un-sampled. It is important to consider that less data
from the north could have produced artificial results, and until more data from the northern
region is available, the results should be approached with caution. Dedicated research on dog
occupancy and abundance in the northern region of the park will also give managers a better idea
of survival rates.
Wild dogs in the central region are surviving longer than dogs in the south and much
longer than dogs in the north. Determining why this is happening is key to managing the
population in the future. Pack territories overlap more in the south and central regions, which on
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a basic level would suggest more wild dog competition and lower survival rates, however that is
not the case. More knowledge of lion and other top competitor densities throughout the park
could help explain the differences in survival in the different regions, and other possible causes
such as vegetation and prey density should be explored as well. If vegetation resources are
scarcer for wild dog prey species in the north, making prey species more scare, there could be
increased intra and interspecific competition for resources, leading to a decline in survival.
One way to improve this study is to lengthen the survey time to examine how survival
changes over an entire year. Surveying a population for a full year or 18 months would give a
more accurate survival rate estimation, and more could be gleaned on how survival varies over
time/season. As climate changes over time, and weather patterns such as El Niño cause variation
in resources, researchers could get a clearer understanding of what factors affect survival more
strongly. While longer and/or more common surveys would inevitably take more resources,
specifically more people to visually analyze the pictures, it would be beneficial to determine if
there is a certain point at which survival of dogs drops off or increases drastically. The previous
study done in KNP, which showed only 16% of dogs survive to adulthood, found that adult
survival rate is much higher, almost 80% (Creel, et al 2004). Gathering data through the winter,
when pups emerge from the den and begin moving with the packs, with more frequent, yearlong
surveys, could help managers track pup and adult survival separately, and determine if pup
survival is still the population bottleneck (Creel and Creel 1996), or if survival declines at a
steady rate from the first few months through five years out. Determining what life stage is
experiencing the highest mortality rates will allow managers to make decisions that support
survival at that life stage, increasing the population. I would also suggest further study on dog
survival rates using more detailed spatial data, such as the GPS coordinates for each of the dog
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sightings in this study. The sightings could be mapped out over time and overlapped with
vegetation structure and competitor densities. Lions and other large competitors have been
known to influence wild dog movements and survival in other parks (Creel 1996, 2002, Darnell,
et al. 2014), and mapping wild dog sightings over competitor densities could give managers a
better idea of how competition is influencing wild dog survival.
The recapture probability for dogs differed by month and by region, with the highest
recapture rates occurring in the month of December. One possible reason for this is the increase
of tourists in the park during the Christmas holiday, increasing the amount of sighting effort and
sightings. During December 2014, 184,256 guests visited Kruger, while only 120,507 visited in
November and 111,534 visited in January (Kruger National Park, pers. comm.), and it was also
the month with the highest number of sightings at 108. December could also be a period of more
activity for dogs, resulting in higher visibility. The peak in recapture probability in April is
intriguing, and there is no obvious reasoning that has been described in dog studies previously.
One possible cause is another increased period of activity prior to the beginning of denning
season, as dogs prepare to find a spot to settle in for a few months. April is also a time when
yearlings will disperse from their packs prior to the new breeding season, causing more wild dog
movement throughout the park. The sharp drop in recapture probability near the end of the
survey could be explained by a few different reasons. Many of the dogs in the data were not seen
for 3 or even 4 months and then seen again, so some of the drop off in survival in the last two
months of the survey could be due to the survey ending and there being no chance to see the
dogs again in the next month or two. In addition, May and June, the last two months of the
survey, are the beginning of denning season, when dogs are rarely seen. The decrease in
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recapture probability during this time makes sense, as dogs spend most of the time at the den
except for a few hours hunting at dawn and dusk.
Regionally, the south had the highest recapture probabilities, followed by the north, then
the central region. I expected the southern region to have highest recapture probabilities because
it has the highest density of roads and tourist camps; therefore, most tourists spend much of their
time in the south, leading to increased effort in that area. In the north, there are usually fewer
tourists, and according to the census, fewer dogs (38 in 5 northern packs compared to 93 in 9
central packs and 102 in 8 southern packs) than the other regions. The central region also has a
larger average wild dog pack size and higher density of roads than the north (Figure 8),
suggesting sightings should be easier. I therefore expected the lowest recapture rate in the north;
however, the central region had the lowest estimated recapture rate. One possible explanation is
that in the central region the dogs might not be spending as much time close to the road, where
they are easily visible for tourists, due to lions. As home to almost half the park’s lion
population, the central region is known to be “big cat territory” (Images of a Great African Park).
Studies show lion movement affects wild dog movement (Cozzi et al. 2012, Darnell, et al. 2014),
and if lions are spending time close to roads, the wild dogs are most likely avoiding them.
Another possible explanation is the vegetation structure of the central region. Wild dogs have
been found to move along roadways more when the vegetation is thick (Abrahms, et al. 2016)
because the clear path on the road requires less energy. Because the region’s vegetation is more
grassland than wooded savannah, if competitors (e.g. lions) are using the roads in the central
region, the dogs may be avoiding the roads, making it harder for them to be seen by tourists.
My project is important for developing an effective management strategy for
conservation of African wild dogs in reserves. The dogs appear to be dying sooner than expected
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or previously thought, which is important information for understanding population dynamics
and implementing effective management strategies. My sampling procedure using the
photographic census was affected by unequal sampling effort, which should be corrected as
much as possible in future studies to more accurately estimate survival rates. With more work in
this area, we can acquire better estimates of survival and work towards determining the factors
currently lowering long-term survival rates. Once this information is known, park managers can
adjust management strategies to increase the dogs’ survival and/or manage the metapopulations
in a way to increase the species’ numbers even with low survival rates.
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Table 1. The 18 models tested in RMark. Phi represents apparent survival and p represents
recapture probability.
Model
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Model Parameters
Phi(.)p(.)
Phi(.)p(~time)
Phi(.)p(~packsize)
Phi(.)p(~region)
Phi(~time)p(.)
Phi(~time)p(~time)
Phi(~time)p(~packsize)
Phi(~time)p(~region)
Phi(~packsize)p(.)
Phi(~packsize)p(~time)
Phi(~packsize)p(~packsize)
Phi(~packsize)p(~region)
Phi(~region)p(.)
Phi(~region)p(~time)
Phi(~region)p(~packsize)
Phi(~region)p(~region)
Phi(~time)p(~region+time)
Phi(~region)p(~region+time)

Table 2. Top 6 Cormack Jolly Seber models produced from running RMark.
Model

npar

AICc

DeltaAICc

Weight

Phi(~region )p(~region + time)

14

1602.68

0

0.933688729

Phi(~time) p(~region + time)

20

1607.99

5.307429068

0.065721662

Phi(~time) p(~region)

12

1617.42

14.73487611

0.000589609

Phi(~region) p(~time)

12

1667.12

64.43977611

9.49E-15

Phi(~packsize) p(~time)

12

1683.85

81.16407611

0

Phi(~time) p(~packsize)

12

1689.76

87.07347611

0
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Table 3. The one, nine, and 12-month wild dog survival rates for the packs in north, central, and
south regions, and in the entire park (SE), as well as the mean life span (MLS) for dogs in each
region.

Survival Rates (Phi)
Region

1 month

9 month

12 month

North
(95% CI)
Central
(95% CI)
South
(95% CI)
Total
(95% CI)

0.8072
(0.6947-0.8852)
0.9885
(0.8523-0.9992)
0.9752
(0.9459-0.9888)
0.9452
(0.9099-0.9751)

0.1456
(0.0377-0.3336)
0.9013
(0.2374-0.9930)
0.7978
(0.6062-0.9039)
0.5868
(0.4273-0.7971)

0.0766
(0.0126-0.2313)
0.8706
(0.1470-0.9907)
0.7400
(0.5130-0.8739)
0.4912
(0.3219-0.7390)

MLS (years)
0.3901
(0.23-0.68)
7.237
(0.52-107.15)
3.329
(1.49-7.42)
1.410
(0.88-3.31)
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Figure 1. A map of the study site, Kruger National Park, shown in relation to the rest of
southern Africa.
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Figure 2. A map of KNP showing the regions, north, central, and southern, as divided by the
Olifants and Sabie River.
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Figure 3. Map of Kruger National Park with main roads in black and African wild dog
sightings from the 2014-2015 survey in green. Most sightings were along the roads due to lack
of off-road access for tourists.
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Figure 4. Monthly recapture rates of dogs in each region during the 2014-15 survey, whiskers
denote one standard error. Each region followed a similar trend over time, increasing in
December, then decreasing until March, increasing again in April, then dropping off quickly
near the end of the survey.
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Figure 5. Average monthly recapture probabilities of African wild dogs in all of Kruger
National Park; whiskers denote one standard error.
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Figure 6. Monthly apparent survival rates (φ) of African wild dogs for each region and the
total park during the 2014-15 survey, based on the top model. The total park estimate is a
weighted average based on number of packs in each region; whiskers denote one standard
error.
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Figure 7. Annual survival of African wild dogs in Kruger National Park by park region;
whiskers denote one standard error.
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Figure 8. Map of Kruger National park showing roadways and rest camps. The density of
roads and camps is much higher in the southern and central region than in the northern region.
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CHAPTER 2 – DISEASE PREVALENCE AND VACCINE EFFICACY IN ETHIOPIAN
WOLVES AND AFRICAN WILD DOGS: A REVIEW
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ABSTRACT
The African wild dog (Lycaon pictus) and Ethiopian wolf (Canis simensis) are the two
most highly endangered African carnivores. As human population growth fragments habitat for
these species, both wild dog and wolf populations experience more negative population
pressures. One such threat is disease. Two major infectious disease threats for wolves and wild
dogs are canine distemper and rabies, both of which can be transferred across domestic and wild
canid species. In the last 35 years, disease has had an increasing impact on both species, in part
due to increased exposure through domestic dogs roaming near protected areas. Many cases of
rabies or canine distemper have been reported for wolves and wild dogs, resulting in population
decline and even local extirpation. Mitigation strategies have focused on vaccination, but
methods and type of vaccine have varied, as has mitigation success. After multiple local
outbreaks reduced crucial populations of Ethiopian wolves in the Bale Mountains and African
wild dogs in and around Kruger National Park in 2016 and 2017, proactive vaccine programs
were initiated. To help inform management strategies involving disease in these two species, I
conducted a systematic review of the literature and unpublished information surrounding canine
distemper and rabies for Ethiopian wolves and African wild dogs in the last 35 years.
Vaccination with modified-live or recombinant vaccines, including annual boosters will be a key
strategy in disease management going forwards. Vaccination of domestic dogs near wolf and
wild dog populations, vaccination of wolves and wild dogs themselves, and a combination of the
two, all appear to be viable management strategies in different scenarios. More intensive
population and disease monitoring in the future will help provide necessary information to guide
successful management strategies of these two critically endangered species.
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INTRODUCTION
Endangered African Canids: Ethiopian Wolves and African Wild Dogs
The Ethiopian wolf (Canis simensis) and African wild dog (Lycaon pictus) are both
highly endangered social carnivores found solely in Africa. The wolf is recognized as the most
threatened African carnivore, and the rarest canid on the globe, with fewer than 500 individuals,
in seven small, isolated populations, remaining. (Sillero-Zubiri, et al. 2004, Strategic planning
for the Ethiopian wolf conservation 2011). They exist only in the Afro-alpine habitat in Ethiopia,
at altitudes above 3000m. Wolves live in packs of up to 13, with an adult sex ratio biased
towards males 1.8:1, but are solitary diurnal hunters with a diet consisting mostly of rodents.
Their main prey item is the giant mole rat (Tachyoryctes macrocephalus, Gottelli and SilleroZubiri 1992, Sillero-Zubiri, et al. 2004). All pack members work together to mark and defend
territory and contribute to pup-rearing, and the average wolf pack home range size is 6.4 km2
(Gottelli and Sillero-Zubiri 1992).
African wild dogs (Lycaon pictus) are even more intensely social than wolves, and
distributed more widely across Africa. They are cooperative hunters and breeders, and almost all
reproduction results from an alpha female. They exist in a variety of habitats, but prefer
deciduous woodlands and wooded grasslands (Creel, et al. 2004). Wild dogs are cursorial hunters
that eat a wide range prey, focusing on ungulates ranging from 15-200kg. They live in highly
cohesive packs that range from 2-30 adults, with a mean pack size between 4.8-8.9 adults (Creel
2002). Their home ranges are large and vary greatly in extent (150-1318km2, Fuller, et al. 1992,
Woodroffe et al., 1997, Pomilia, et al. 2015). Because wild dogs require a lot of space,
populations are often small (Durant 1998, Creel 2001), even in large protected areas such as
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KNP (Woodroffe and Ginsberg 1998), a nearly 2 million ha reserve. Wild dogs’ small, scattered
populations lead to the potential for rapid population decline under unfavorable conditions.
Threat of Disease in Endangered Social Canids
Stochastic events, (e.g. disease outbreaks), can have large effects on small, widely spread
populations, such as those found in wolves and wild dogs. Infectious disease, while a natural part
of many ecosystems (Cleaveland 2009), has become a serious threat to endangered species,
especially carnivores (Cleaveland 2009, Randall et al. 2006) through suppression of population
growth rates, and increased vulnerability to extinction, especially in small populations (Breed et
al. 2009). While small, endangered populations usually cannot maintain virulent viral pathogens
due to die out (Cleaveland 2009), threats lie in diseases that find “reservoir hosts” in another
species (Cleaveland et al. 2002, Woodroffe and Donnelly 2011, Woodroffe, et al 2004). Because
there is a close phylogenetic relationship between wild and domestic carnivores, and carnivores
have a high susceptibility to domestic pathogens, domestic animals often serve as these hosts.
This may explain why carnivores, within mammals, are particularly threatened by infectious
disease (Cleaveland 2009, Pedersen, et al. 2007). Within carnivores, canids seem to have more
trouble with disease than felids, possibly because there is usually a smaller presence of domestic
cats than dogs near wildlife-protected areas, and contact rates between domestic cats and wild
felids is most likely lower than that of domestic dogs and wild canids (Cleaveland 2009). The
social nature of wolves and wild dogs makes them even more susceptible to directly transmitted
disease such as canine distemper virus (CDV) and rabies (Mills 1993). For endangered canids,
disease, particularly rabies and CDV have caused species decline (e.g. Ethiopian wolf Canis
simensis) (Gordon, et al. 2015, Randall, et al. 2006, Sillero-Zubiri et al.1996) and even local
extinction (e.g. African wild dog Lycaon pictus, Alexander, et al.1996, Gascoyne, et al. 1993,
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Kat, et al. 1995, Tswalu Kalahari 2016). As protected space decreases and habitat fragmentation
continues, endangered canids have become increasingly prone to encounters with domestic dogs,
especially near the edge of reserves (Breed, et al. 2009 and Sillero-Zubiri, et al. 2004). Contact
with domestics greatly increases their chances to contract rabies or CDV, hindering conservation
efforts for these two highly endangered carnivores.
Canine Distemper Virus
Canine distemper virus is a single-stranded RNA virus, a member of the Morbillivirus
genus in the family Paramyxoviridae (Green, G.E. and M.J. Appel 1990), and has been reported
in all terrestrial carnivore families (Deem, et al. 2000). It is in the same genus as other wellknown morbilliviruses, including measles and rinderpest. It has a wide host range, occurring in
five mammalian orders, and has a propensity for switching hosts (Viana, et al. 2015). Canine
distemper is primarily transmitted through the respiratory system as small particles are aspirated,
but other body excretions can also pass the virus if they are aerosolized and inhaled. It is a highly
contagious virus that begins with a systemic infection that enters the bloodstream and moves into
other organ systems (Deem, et al. 2000, Green, G.E. and M.J. Appel 1990). In most species that
contract CDV, the virus begins in the respiratory system, moves to the lymph nodes and then the
gastrointestinal system, and finally, the central nervous system (CNS, Deem, et al. 2000). In
nondomestic canids, the clinical signs are similar, but susceptibility varies. Not all mammalian
species exhibit the same clinical signs, if any, which makes it hard to detect in some hosts.
Rabies Virus
The rabies virus is a fatal encephalomyelitis belonging to the genus Lyssavirus, in the
Rhabdovirus family. It is one of the oldest known infectious diseases, and can be contracted by
all mammals, including humans (Rupprecht, et al 2001). It is an important zoonosis that is
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usually transmitted through bites, as the viral agents are passed to the salivary glands and saliva
after reproducing in the central nervous system (Rupprecht, et al. 2001). It has been monitored
throughout history because of its implications in public health, and it is becoming increasingly
important in wildlife ecology (Dazak, et al. 2000, Rupprecht, et al. 2001). Rabies is distributed
throughout Africa in domestic dogs (Canis lupus familiaris), which are considered a key
reservoir host of the virus. Rabies has also been reported in African wildlife, including many
wild canid species (Rupprecht, et al 2001, Breed, et al 2009).
Endangered Canids and Disease: Current Status
In recent years, there have been increased reports of CDV in wild animals, but the origin
and maintenance in the wild dog, as well as other wild carnivores, is not well understood
(Martinez-Gutierrez and Ruiz-Saenz 2016, Viana, et al. 2015, Goller, et al. 2010.) The proximity
of human settlements near the borders of KNP and other protected areas in Africa, as well as the
close taxonomic relationship between domestic and wild canids, suggest that spillover
transmission from domestic dogs could be a major cause of wild dog infection (Breed, et al.
2009, Woodroffe and Donnelly 2011, Woodroffe, et al. 2004, Woodroffe, et al. 2012). However,
CDV infection and mortality has occurred even when transmission from domestic dogs was
impossible (Tswalu Khalari 2016), suggesting other exposure sources. It has been shown that
asymptomatic circulation of CDV in wildlife has become asynchronous with domestic dog
infections, which points toward a wildlife cycle (Viana, et al. 2015), possibly in other wild
canids such as jackals. In addition, CDV antibodies have been found in wild dogs without
coinciding evidence of mortality or influence on pup survival (Alexander, et al. 2010 and Creel,
et al. 1997), which suggests not all exposure to CDV results in death. However, in the past ten
years alone, CDV has resulted in death of entire packs and/or populations of wild dogs across
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Africa (Goller, et al. 2010, Van de Bilt, et al. 2012, Tswalu Kalahari 2016, G. Beverley, pers.
comm.).
The rabies virus has been a known threat to African wildlife for many decades. It is
especially threatening to social endangered canids, such as the wolf and wild dog, because of the
various communal interactions in which pack members engage, including mouth-licking and
food regurgitation for pups (Skinner and Smithers, 1990). Rabies is the most significant threat
for the wolf (Haydon, et al. 2002), even though there have been a few episodes of CDV. In the
last few decades, rabies has been responsible for significantly reducing the population of wolves
in the Bale Mountains of Ethiopia (Haydon, et al. 2002, Randall, et al. 2004, Randall, et al. 2006,
Stewart, et al. 2012). With multiple rabies outbreaks, some coming in successive years, the wolf
population is struggling as numbers dwindle to around 400 (Marino, et al. 2017). Wild dogs have
also suffered from rabies in recent years throughout Africa, including back – to – back outbreaks
in Madkiwe Reserve in South Africa (Hofmeyr, et al. 2002, Hofmeyr, et al. 2004).
Disease, specifically canine distemper and rabies, have become a more noticeable threat
to wolves and wild dogs, especially as their populations dwindle from habitat fragmentation and
other competitive factors. Vaccination strategies in protected populations are becoming
increasingly common in both wolves and wild dogs, as managers seek ways to protect these
endangered canids from disease. In the last few years, an oral vaccination strategy study for
wolves was started in the Bale Mountain population that shows initial promise (Sillero-Zubiri, et
al. 2016). A vaccination and disease survey study was also launched in Kruger National Park in
2016 after an entire pack was decimated by CDV in just two weeks (G. Beverley, pers. comm.).
For managers to make decisions that effectively manage disease in these critically endangered
species, they must understand the context and history of CDV and rabies in wolves and wild
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dogs. In order to gain a more comprehensive view, I examined the research done on both
diseases in both species, including outbreaks, antibody levels, and previous mitigation strategies.
In the process, I sought to answer seven main questions: (1) What type of research has been done
on rabies and CDV in wolves and wild dogs? (2) In the past 35 years, how prevalent was CDV
and rabies in wild dogs and wolves? Is one disease more common, and does it differ by species?
(3) Does disease prevalence vary by country? (4) Does disease prevalence vary with weather
patterns? (5) Does disease prevalence or natural seroprevalence change across land use or
management type? Does this differ by disease or by species? (6) What are the exposure routes
for disease? Are any more common than another, and does that differ by disease, species, or land
use/management? (7) What are the mortality rates for disease, and does that differ by disease,
species, or land use/management? (8) How effective are vaccines in mitigating disease for wild
dogs and wolves? Does it differ by disease, species, vaccine type, or vaccine administration
technique? By answering these questions, I hope to provide a framework for managers to help
guide future disease management strategies for both the wolf and the wild dog.
METHODS
Disease Research
To begin the analysis of the impact of CDV and rabies on the wolf and wild dog,
including how effective vaccination strategies have been at mitigating disease risk, I examined
all available articles related to the disease in each species from 1980 to present. I searched for
studies of disease outbreaks, studies testing seroprevalence for the diseases, and vaccination
studies. After a systematic review of the literature and personal interviews with researchers, I
found 39 cases/studies of CDV and/or rabies in African wild dogs and Ethiopian wolves. I
separated the studies into four distinct categories: Disease Outbreak, Natural Seroprevalence,
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Vaccination Seroconversion, and Vaccination Administration Techniques to help systematically
analyze the studies. I then determined the basic qualities of each study, starting with the basics
such as study year, location, and species and disease studied, as well the presence of certain
weather patterns. I also noted the land use type of the study location and the management level of
the population studied. From there, I noted more specific qualities for each of the four types of
studies, including suspected source of infection, vaccination type and vaccination effectiveness.
A complete record of studies and their extracted qualities is included in the Appendix. I used
these notes and distinctions to find trends to answer my study questions.
Prevalence of Disease
To begin, I looked at the prevalence of disease, which was the focus of my first five study
questions. I first determined the percentage of cases, both in total and within each of the four
study types, that involved CDV and rabies, as well as the percentage of studies on wild dogs
versus wolves. To examine if one disease was more prevalent for each species, I found the
percentage of outbreaks for each disease within each species. I also looked at the percentage of
vaccination and natural seroconversion studies done within each species to see if there was a
difference in research focus and in disease incidence. To determine if disease prevalence varied
among African countries, I found the percentage of disease outbreak cases found in each country,
both in total and by disease and species. Next, I examined if weather patterns played a role in
disease prevalence, as some researchers have suggested (Beverley, G. pers. comm.), by
determining the percentage of disease outbreaks that occurred during an El Niño year, as El
Niño-caused drought patterns have been suggested to affect disease outbreaks.
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Prevalence of Disease and Natural Seroprevalence in Different Land Use Types
After establishing the prevalence of CDV and rabies by species, country, and weather, I
looked at how disease differed among different land use and management types. I broke studies
into two land-use groups, unprotected and protected, and also labeled each study population as
either managed, unmanaged, or captive. I found the percentage of disease outbreaks that
occurred in each type of environment in total, for each species, and for each disease. I also found
the percentages of cases that showed natural seroprevalence by environment in total, and by
disease and species.
Disease Exposure
To determine the most common paths of disease exposure for wild dogs and wolves, I
calculated the percentage of studies that found different origins of the infection, i.e. domestic
dogs, another wild canid or another mammal, and the percentage of cases where the origin of
disease was unknown. I did this in total, for both diseases and species combined, and then for
each disease within each species. I also compared the exposure sources among land
use/management types.
Mortality Rates
To examine the virulence of the two diseases, I determined the percent mortality in each
disease outbreak case, divided the cases into four groups (<10%, <50%, >50%, >90% mortality),
then found the percentage of cases that occurred in each subgroup. Again, I found these
percentages for all cases combined, and then compared difference between diseases, species, and
land use/management types.
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Vaccination Effectiveness
Finally, to help determine effective management strategy for the future, I examined
vaccine effectiveness within the studies. For this analysis, I considered any study where an
animal had been vaccinated, including studies classified as disease outbreak, vaccine
seroconversion, and vaccine administration. I determined the types of vaccines used in each case
(i.e. inactive, modified-live, recombinant, combination or singular) and the method of vaccine
administration (i.e. oral or intramuscular (IM)). I compared vaccine effectiveness (i.e. survival or
successful seroconversion) among these vaccine types in total and by disease in each species by
finding the percentage of cases with successful vaccination in each scenario.
Management Strategy Implications
After analyzing the data, I compiled my results to give a succinct analysis of the status of
disease for each species. I developed a general framework for what I believe to be an effective
management strategy, including where to focus research efforts and where vaccination might be
most effective, for the future of the Ethiopian wolf and the African wild dog.
RESULTS
Compilation of Studies
After a thorough search of the literature and unpublished data, I found 39 separate
studies/cases involving canine distemper and/or rabies in wild dogs and wolves, which I
separated into four categories (Appendix). I found 19 studies of disease outbreak, detailing 22
separate occurrences of disease. I also discussed with researchers two recent unpublished disease
outbreaks in wild dogs in South Africa in Tswalu Kalahari Reserve (Tswalu Kalahari 2016) and
Kruger National Park (Beverley, G. pers. comm.), which brought the total number of disease
outbreak cases to 24 within the last 40 years. I found only five published studies testing the
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natural seroprevalence of either disease, two of which looked at both CDV and rabies (Prager, et
al. 2012a, Prager, et al. 2012b). For vaccine cases, I found eight published studies examining
seroconversion after vaccination for CDV and rabies, including one study which tested both
CDV and rabies vaccines in wild dogs (Van Heerden, et al. 2002). Finally, I found two published
studies testing oral rabies vaccine administration techniques in wild dogs (Figure 1).
Context of Disease
Among all 39 studies, 18 (46.2%) pertained to canine distemper, 14 (35.9%) pertained to
rabies, and 7 involved study of both diseases (17.9%). I discovered the wolf was less studied
than the wild dog, with 31 (79.5%) of the cases focused on wild dogs and only eight (20.5%)
focused on wolves. Among the 24 disease outbreak cases, 12 (50%) cases were strictly CDV,
eight (33.3%) were rabies, and four (16.7%) discussed the possibility of both diseases.
Seventeen (70.8%) of the disease outbreak cases involved wild dogs, and seven (29.2%)
involved disease in wolves. Among the five studies of natural seroprevalence, three studies were
focused only on CDV (60.0%), and two examined seroprevalence of CDV and rabies (40.0%);
all five of the studies were done with wild dogs. Among the eight studies testing seroconversion
post-vaccination, three (37.5%) were done on CDV vaccines, four (50.0%) on rabies vaccines,
and one looked at seroconversion of vaccinations for both diseases (12.5%). Finally, the two
studies on vaccination administration techniques involved rabies vaccinations in wild dogs.
Species Disease Prevalence
In wolves, rabies was slightly more prevalent than CDV. Four studies reported rabies in
wolves, 2 CDV outbreaks, and one reported death from both diseases. In wild dogs, CDV was
more common, with 10 studies reporting CDV outbreaks, four reporting rabies outbreaks, and
three detailing cases of both (Figure 3). After determining there were slight differences in
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prevalence between species, I totaled the number of cases on seroprevalence, seroconversion,
and vaccination administration for each disease in each species to examine if research followed
the same trend. In wild dogs, 17 cases were split in half by disease: eight on rabies, nine on
CDV. There was, however, only one study focused on vaccination in Ethiopian wolves, looking
at rabies seroconversion. Just as disease is occurring more often in wild dogs than Ethiopian
wolves, disease research is also occurring at a disproportionate level.
Disease Outbreak Location
Looking at the spatial context of disease, I found that disease outbreaks occurred in five
different countries in Africa: Botswana (2 cases, 8.3%), Ethiopia (7, 29.2%), Kenya (2, 8.3%),
South Africa (7, 29.2%), and Tanzania (4, 16.7%) (Figure 2). Only one case (4.1%), a vaccineinduced infection, occurred outside of Africa, in a zoo in the United States. South Africa was the
country with the most CDV cases, with 5 (31% of CDV cases), and Kenya was the least, with
only 1 (6.3%). Ethiopia was the country with the most rabies cases, with 5 (41.7% of rabies
cases), and Kenya was again the country with the least, with only 1 (6.3%) (Figure 2).
Climate/Weather Related Disease
When I examined weather pattern associations with the disease cases, I found that more
cases of disease occurred during an El Niño year than did not, for each disease separately and
combined (Figure 4). Upon running a binomial test of significance, however, I found the results
were not statistically significant (p>0.1) for either disease or both combined.
Land Use and Management
I originally sought to compare the prevalence of each disease in wild dogs and wolves in
protected versus unprotected areas; however, I only found one (4.1%) case of disease reported in
an unprotected area. A population of wild dogs contracted CDV outside of protected reserves in
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Kenya, and the population experienced 90% mortality as two known packs completely
disappeared. The remainder of the 23 diseases outbreaks occurred in protected areas, so I decided
to compare captive, managed, and unmanaged populations instead, including the unprotected
area as unmanaged. Twelve (50%) cases of disease occurred in unmanaged populations, eight
(33.3%) in managed populations, and 4 (16.7%) in captive population (zoos). CDV and rabies
both occurred most in unmanaged populations (7 cases each), followed by managed populations
(5 cases each). There were no cases of rabies in captive populations, and all four cases of CDV in
captive populations were thought to be vaccine-induced infections. Breaking it down by species,
all seven cases of disease in wolves occurred in unmanaged populations. In 17 wild dog cases,
almost half (8 cases) occurred in managed populations, and four cases each (25%) occurred in
unmanaged and captive populations.
There was an uneven distribution between captive, managed, and unmanaged populations
in the vaccination seroconversion studies. Seven of the eight studies occurred in captive
populations and the other in an unmanaged population. Six (86%) of the studies in captive
environments were successful, resulting in seroconversion of over 70% of vaccinated dogs, and
the one vaccination study in the unmanaged population resulted in successful seroconversion as
well.
Five studies examined the natural seroprevalence of CDV, one in a managed population
areas, three in an unmanaged population, and one in both. The study done on a managed
population found wild dogs had no natural seroprevalence of CDV. The studies on the
unmanaged populations differed: one found no natural seroprevalence and two found that
seroprevalence was present but fluctuated with time. The study done on both a managed and
unmanaged population found that wild dogs had antibodies to CDV, but noticeably more in
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unmanaged populations. Only two studies examined the seroprevalence of rabies; one was done
with an unmanaged population and one was conducted on both managed and unmanaged
populations. In the unmanaged population, in Kenya, the seroprevalence of rabies fluctuated. The
study done over multiple populations found little to no seroprevalence in any of them.
Disease Exposure Routes
Between wolves and wild dogs, there were three known paths of exposure to disease:
either domestic dogs, another wild canid (usually a jackal), or vaccination. In all cases combined,
domestics dogs were the most common source of infection, occurring in 13 (54.2%) of the
studies. Wild canids were the source of disease exposure in three of the cases (12.5%),
vaccination in four (16.7%), and in four (16.7%) cases the exposure source was unknown. All
four vaccine-induced disease outbreaks occurred in captive zoo populations. Exposure did not
differ greatly when comparing CDV and rabies cases, both followed the same pattern as the
overall results, except that vaccination was never the source of a rabies infection, only CDV
infections. Between species there was a greater distinction in exposure, as the only known source
for the wolf was domestic dogs, while wild dogs experienced infection from domestic dogs,
other wild canids, and vaccines, as well as four outbreaks with unknown causes. There was also
a noticeable difference in exposure source between managed and unmanaged populations.
Exposure was spread evenly though the sources in managed populations, but in unmanaged
populations, domestic dogs accounted for 11 of 12 (91.7%) disease cases, and the twelfth came
from an unknown source. In the 23 disease cases reported in protected areas, domestic dogs were
again the most common source of disease with 12 cases (52.2%).

Mortality Rates
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To compare mortality rates among the 24 disease outbreaks, I used statistics given in
each study to determine the mortality rate, using the number of individuals who died divided by
the total number of individuals in the population (estimated or known). The mortality rate ranged
from 6% (one wild dog pack died in 2016 in the large Kruger population, Beverley, G. pers.
comm.) to 100% (two vaccine-induced outbreaks, Durchfield, et al. 1990 and Van Heerden, et al.
1989), with an average of 70% mortality and a median of 77% mortality. When looking at both
CDV and rabies together, only the aforementioned outbreak that caused one pack’s death in
Kruger, experienced a mortality rate of less than 10%, two had a mortality rate of 10% to 50%,
15 had a rate of 50% to 90%, and five cases had a mortality rate of over 90% (Figure 5). Looking
at just cases of CDV, the 50% to 90% mortality rate range had the most cases at 10 and the
average and median mortality rate were 68% and 72%, respectively. For rabies cases, again the
50%-90% mortality rate range had the highest number of cases, with six. The average and
median mortality rate for rabies cases were 66% and 73%, respectively (Figure 5). In disease
outbreaks in wild dogs, mortality rates were distributed across the groups, but almost half the
cases (47%) resulted in 50-90% mortality. The mean mortality rate was 73% and the median was
69%. In cases with Ethiopian wolves, mortality rates were much less varied; all 7 cases resulted
in 50-90% mortality, with a mean of 67% and median of 77% (Figure 6).
Mortality rates did not vary much among managed, unmanaged, and captive populations.
Around two-thirds of cases in both managed and unmanaged population types experienced
between 50 and 90% mortality, with the rest split somewhat evenly between < 50% and > 90%.
The minimum and maximum mortality rate for disease cases in managed populations was 30%
and 92%, respectively, with an average of 66% and a median of 61%. The minimum and
maximum mortality rate for cases in unmanaged populations were 6% and 95%, respectively,
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with an average of 67% and median of 73% (Figure 7). One disease outbreak study within a
managed population did not yield sufficient data to accurately calculate a mortality rate, so I
gave it a designation of “unknown” and did not use it to calculate any percentages). The captive
population mortality rates were higher than the managed and unmanaged, with all four cases
above 50% and two at 100%. The minimum and maximum were 67% and 100%, with an
average of 88% and a median of 92% (Figure 7).
Vaccination Effectiveness
Finally, I examined the vaccine effectiveness between species and diseases. In the 24
cases of disease outbreak, more cases detailed outbreaks in unvaccinated populations than
vaccinated. Fourteen (58%) occurred in wild dogs and wolves that had not been vaccinated and
ten (42%) occurred in populations that had been vaccinated. In five outbreaks of non-vaccinated
individuals, the population was vaccinated during the outbreak to control the spread of disease.
Canine distemper occurred equally in populations that had and had not been vaccinated against
the disease (n=8 for both), but rabies occurred more often in unvaccinated populations
(vaccinated n=8, unvaccinated n=4).
All ten CDV vaccination cases were wild dog studies; I found no instance of CDV
vaccination in Ethiopian wolves. Three types of CDV vaccinations were given among the
studies: inactive, modified-live, and recombinant. Modified-live vaccines were the most
common, given in six cases, inactive in three, recombinant in one, and one case did not specify
vaccine type. No type of vaccination was effective in 100% of the studies. The modified-live
vaccinations were only 33% effective, with only 2 cases resulting in seroconversion, and four
resulting in vaccine-induced infection in the wild dogs. The inactive vaccinations were also only
effective in 33% of the cases; in one case the dogs seroconverted, in another the dogs contracted

57

the disease around a year post-vaccination, and in the final case the dogs did not seroconvert.
The recombinant vaccine study showed partial success. Connelly, et al. (2013) tested an oral and
parenteral administration of a recombinant CDV vaccination, which produced successful
seroconversion only in the dogs that received the vaccination parenterally (Figure 8). After
successful seroconversion, however, titers declined (around 6.5 months post-vaccination).
Comparing oral and parenteral vaccinations was difficult as only one study evaluated oral
administration. The oral vaccination did not produce successful seroconversion, and parenteral
vaccinations did so in only four of the ten studies. More parenteral vaccinations were effective
immediately after vaccination, but eventually, 6-12 months later, titers declined and wild dogs
were susceptible to disease again.
Of the fifteen rabies vaccination cases, five involved the Ethiopian wolf and ten involved
African wild dogs. Eleven (69%) of the cases showed rabies vaccinations to be effective in either
preventing disease spread or leading to seroconversion. Rabies vaccines were either modifiedlive or killed vaccines and could be administered orally or parenterally. I found six cases
involving modified-live vaccines, which were all effective, and ten cases of killed vaccines,
which were effective against disease 40% of the time. Parenteral vaccines were more common
than oral, used in 75% of the cases, and they were also slightly more effective (Figure 9).
Within the Ethiopian wolf rabies vaccination studies, all five cases, whether killed or live,
given parenterally or orally, were effective against disease. In the wild dog rabies vaccination
cases, all three live vaccinations studies were effective, but only 57% of the seven cases with
killed vaccines showed effective disease protection. Parenteral rabies vaccinations were much
more common, and more effective, than oral vaccinations in wild dogs (Figure 9).
DISCUSSION
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General Disease Threat Conclusions
It is apparent that both canine distemper and rabies are a threat for wild dogs and wolves
in Africa. Based on the disease outbreaks studied for this review, it appears that canine
distemper is more of a threat in South Africa than other countries; however, that could merely be
a product of a large meta-population of wild dogs in South Africa, a result of more individuals,
and more focused research. Rabies outbreaks were less common than distemper outbreaks across
Africa, but were most common in Ethiopia, suggesting rabies needs to remain a key focus of
wolf population managers in that country.
Unmanaged populations appear to be more susceptible to disease than managed
populations, but managed populations still had high incidence of disease. This trend was not
surprising, as unmanaged populations often have not been vaccinated and are more susceptible to
disease. However, it was obvious that managed populations of wolves and wild dogs cannot be
considered safe from disease from an initial vaccination. Managers of protected areas must pay
careful attention to disease prevalence in and around the protected area, whether their population
is highly managed our not. It will be particularly important for managers to stay aware of disease
trends in domestic dogs and other wild canids. While domestic dogs are the most common source
of disease in both species, wild canid species (e.g. jackals) also exposed wild dogs to disease in
outbreaks that wiped out entire packs (Hofmeyr, et al. 2000, 2004, Tswalu Kalahari 2016). This
will be especially important during times of increased physiological stress that could weaken the
immune system (e.g. lower prey concentration due to drought).
While there was no statistical difference in disease cases that occurred during El Niño
years and non- El Niño years, it is plausible that a relationship could emerge in the future as El
Niño weather patterns cause warmer, drier summers in southern Africa. As human activity,
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including the domestic dogs that come with it, moves closer to protected areas, and as drought
becomes more common with climate change, disease will continue to become a stronger threat to
wolves and wild dogs inside parks and reserves and managers must remain engaged and
informed on the subject (Woodroffe, et al. 2004).
General Vaccination Conclusions
In general, vaccines provided some protection against disease for both wild dogs and
Ethiopian wolves; however, it was not uncommon for a population that had been vaccinated over
6 months prior to exposure to succumb to a disease outbreak, either rabies or distemper. Based
on the vaccination seroconversion studies for both diseases, it is possible for individuals to not
seroconvert to a level of true immunity until given a booster vaccination (Spencer and Burroughs
1992, Van Heerden, et al. 2002). In other cases, specifically with inactive CDV vaccines, even a
booster did not always produce immunity. In one seroconversion study, multiple inactive CDV
vaccinations did not produce immunity in wild dogs (Van Heerden, et al. 2002), and in 2000 the
entire population of wild dogs (49 of 52 wild dogs) in Tanzania succumbed to CDV despite
annual vaccination with an inactive vaccine (Van de Bilt, et al. 2002). While modified-live CDV
vaccines did lead to vaccination-induced infection in a few cases (Durchfield, et al. 1990,
McCormick 1983, Van Heerden et al. 1989), modified-live vaccines have also been shown to be
effective in wild dogs while having have no ill effects (Spencer and Burroughs 1992, Van
Heerden, et al. 2002, Woodroffe 2001, Woodroffe, et al. 2004). Woodroffe, et al. (2004) suggest
that because modified-live vaccines for CDV have a better success rate in providing immunity,
they may be worth the risk in some cases. Another option to consider for CDV vaccination is the
recombinant vaccine form. This has been shown to be effective in the Island fox (Urocyon
littoralis catalinae), another wild canid, with no ill effects (Timm, et al. 2009), and in one
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vaccination study with a recombinant CDV vaccine in wild dogs, the parenteral form produced
effect titer levels (Connolly, et al. 2013). More studies are needed before results can be
considered conclusive, but the recombinant CDV vaccination is a promising mitigation frontier.
For rabies, a smaller percentage of disease outbreaks occurred in vaccinated populations,
suggesting that rabies vaccination is more effective than CDV vaccination. The studies on
seroconversion supported this theory, as a higher percentage (80%) showed effective
seroconversion as compared to the CDV studies (40%). In Ethiopian wolves, all the rabies
vaccination attempts resulted in immunity in the majority the population, even when the
vaccination program began post-outbreak. Oral rabies vaccination strategies are currently being
tested in Ethiopian wolf populations as a proactive vaccination measure, and preliminary results
suggest sufficient pack coverage and successful immunity (Sillero-Zubiri, et al. 2016). This is
encouraging because oral vaccination in bait requires far fewer resources, and stress on the
animals, than trapping and sedating individuals for vaccination (Laurenson, et al. 2001). The
amount of “handling” required by a typical sedation vaccination program has been suggested to
cause immune-suppression in wild dogs (Burrows 1992), and despite refutation from other
studies (Ginsberg, et al. 1995, Kat, et al. 1995), it remains probable that less active intervention
put less stress on the packs and individuals. Knobel, et al. (2002, 2003) tested oral rabies
vaccination in captive and free-ranging wild dogs with similar success, suggesting oral
vaccination in bait is the future of rabies vaccination for both species. Again, more research is
needed before firm conclusions can be drawn, but initial results show promise.
Another important factor to consider in vaccination strategies for these two species is that
herd-immunity, which would require vaccination of 70-80% of individuals, is not the necessary
solution to this disease threat. The goal is not to eradicate the disease completely; that proves
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virtually impossible as it persists in other species. Instead, a population viability strategy, which
suggests vaccination of only 20-40% of individuals, is desired. This strategy, while conserving
resources, greatly reduces a population’s chance of extinction (Haydon, et al. 2002), which is the
true end goal.
Ethiopian Wolf Conclusions
Rabies appears to be a larger threat to Ethiopian wolves than canine distemper, with only
three canine distemper outbreaks compared to five rabies outbreaks, and the mortality rate in
rabies cases was higher. However, all three CDV cases occurred in the last decade, suggesting
that CDV is becoming an increasing threat for wolves that managers must address. All disease
outbreaks in the cases reviewed listed domestic dogs as the source of disease exposure for
Ethiopian wolves, which indicates domestic dog vaccination for rabies and CDV in neighboring
areas of wolves could be an effective mitigation strategy. This is a strategy currently being
implemented by the Ethiopian Wolf Conservation Project (Stewart, et al. 2012, Marino, et al.
2017b), with encouraging success. Because rabies is also a threat to humans, it is easier to
convince neighboring communities to participate in local vaccination programs (Marino, et al.
2017b) than with other diseases. In addition, with in an increase in oral vaccination use and
success in Ethiopian wolves, it should become more feasible to proactively vaccinate individuals
in especially small and threatened populations. A combination of proactive wolf vaccination
program and a local domestic dog vaccination program should greatly increase the chance for
species’ survival.

African Wild Dog Conclusions
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Canine distemper seems to be a more common threat, especially as domestic dog
exposure increases. In Kruger National Park, South Africa, while fences help keep out most
domestic dogs, managers have found an increasing number of domestic dogs brought into the
park illegally for poaching rhino, and they often have rabies or distemper (Beverley, G,
pers.comm). The increase of poaching has increased wild dogs’ and other susceptible species
exposure to rabies and canine distemper within the park, and a more proactive vaccination
strategy may be necessary. The wild dog population has never been vaccinated, but as mentioned
earlier, after the collapse of two packs in the park and its surrounding reserves, a small disease
survey and vaccination program has commenced. Managers and researchers from the
Endangered Wildlife Trust in South Africa have implemented a vaccination goal of 30-40% per
pack for this project, which follow the population viability model. This is one of the first CDV
and rabies vaccination studies in free-ranging wild dogs, and as this project continues, it will add
to the limited knowledge of disease prevalence in Kruger National Park. Managers in other
reserves should use the knowledge gained from this project as it emerges to more effectively
implement their own management strategies as they combat an increasing disease threat.
Recommendations for Managers
Managers of wolves and wild dogs should work proactively to establish mitigation
strategies to initiate in case of a disease outbreak, especially in areas where disease has occurred
previously. With a plan in place, when an outbreak does occur, they can react quickly and
efficiently to minimize the effects. In some parks and reserves, it might even be necessary to
proactively vaccinate, such as the dwindling Ethiopian wolf populations in the Bale Mountains
and the staple wild dog population in Kruger National Park. These populations are critical for the
survival of their species, and special caution should be taken when it comes to disease.
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Disease mitigation could look different for wolves and wild dogs, but effective
vaccination strategies ensuring population viability will be critical for both. For Ethiopian
wolves, a strategy should focus on three main solutions, some of which are discussed in Randall,
et al. 2006: (1) proactive oral rabies vaccination in 20-40% of the population, making sure a
booster is given 6 months to a year later; (2) local vaccination programs covering CDV and
rabies in domestic dogs; and (3) an emergency response vaccination strategy to employ when an
outbreak occurs, vaccinating all individuals in the affected population.
For African wild dogs, a similar strategy should be employed, but more focused on
canine distemper. The main elements of a population-viability vaccination strategy for a
population of wild dogs should include: (1) proactively vaccinating for canine distemper and
rabies; and (2) an emergency response vaccination strategy to employ in a disease outbreak,
vaccinating all individuals in the affected and surrounding packs that could become exposed. For
canine distemper vaccination, either a modified-live or parenteral recombinant vaccine should be
used. As more information is gathered about the efficacy of the recombinant vaccination, if it
continues to prove effective it could become the preferred vaccine. Individuals that are
vaccinated should receive boosters one to three months after the first vaccination, and then
annually to further continue immunity. For rabies vaccinations, using oral vaccination appears to
be a good strategy, however if individuals are already being handled for CDV vaccinations, they
should be vaccinated with a modified-live version parenterally. Again, a booster vaccination one
to three months after initial vaccination will increase immunity, but yearly vaccinations may not
be necessary as rabies immunity appeared to continue longer than distemper immunity.
Currently, in domestic dogs, a three-year vaccination schedule is pursued. This could be an
effective strategy for African wild dogs as well, but more research is needed to determine the
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best vaccination schedule. For an emergency outbreak response to rabies, a baited oral
vaccination could be employed for a quick, wide-covering strategy.
Following these strategies regarding disease threat mitigation should help managers
effectively maintain and grow Ethiopian wolf and African wild dog populations. If resources
permit, employing a mix of these strategies would help curtail disease effects even more than
employing just one mitigation strategy. Both rabies and canine distemper fit well into the SEIR
epidemiological model, which models disease viability by breaking up the population into
susceptible, exposed, infected, and recovered individuals (exposed being an individual that has
been exposed to infection yet not infectious due to a lag period) (Ellner, Guckenheimer 2006). In
this model, limiting susceptibility and exposure rates is key to reducing the reproductive number
of the disease (R0: the number of secondary infections arising from an initial infection). Because
wolves and wild dogs are often exposed to rabies and CDV through domestic dogs, the best
approach to limiting the disease threat is limiting the number of susceptible and exposed
domestic dogs in addition to the susceptible and exposed wolf and wild dogs. In the past 15
years, management strategies of endangered species derived from mathematical modeling of
disease have slowly begun to emerge. Randall, et al. (2006) presented a similar vaccination
strategy involving both domestic dogs and Ethiopian wolves, based on mathematical modeling of
rabies in the wolf. This modeling was only possible due to diligent wolf population monitoring
over an extended period (Haydon, et al. 2006, Randall, et al. 2006); therefore, in order to
accurately predict the effective vaccination rates for domestic hosts and the endangered species,
intensive disease monitoring must take place.
The endangered Ethiopian wolf and African wild dog will continue to experience an
increasing load of threats from humans in different ways, and in the future, more intensive
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monitoring and management will be increasingly necessary to protect their populations.
Managing for disease is one opportunity to help reduce stochastic negative pressures on already
small, scattered populations, helping to ensure their survival into the future.
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Figure 1. The breakdown of study type among all 39 studies reviewed
.
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Figure 2. Distribution of 24 disease outbreaks across countries, in total and by disease.
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Figure 3. Distribution of disease outbreak by disease for each species.
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Figure 4. Number of disease outbreaks in El Niño year versus non-El Niño year, in
total and by disease. A binomial test revealed there was no significant difference (all P
> 0.05) in disease occurrence in total or for either disease.
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Figure 5. Box plots showing distribution of mortality rates across all disease cases and
by each disease; horizontal lines represent the median.

Figure 6. Box plots showing distribution of mortality rates in disease cases by
species; horizontal lines represent the median.
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Figure 7. Box plots showing the distribution of mortality rates in disease cases by land
use/management; horizontal lines represent the median.
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Figure 8. Percentage of cases with effective canine distemper vaccination in African
wild dogs by vaccine type.
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Figure 9. Percentage of cases with effective rabies vaccination by species and vaccine
type, n=number of effective cases.
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Appendix A: Studies Reviewed. Grouped studies in gray denote one study with multiple outbreaks or diseases covered.
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